INTRODUCTION
Since the phenomenon of extensive coral bleaching was first described over 10 years ago (Glynn 1983 (Glynn , 1984 , the recent reports of coral bleaching from all the major tropical oceans of the world, during [1997] [1998] , are the most geographically widespread bleaching on record (REEF ENCOUNTER Newsletter of the ISRS 1998). In August 1998 coral bleaching of unprecedented proportions was observed at Ishigaki Island, Ryukyus Islands of Japan, and caused extensive coral mortality Fujioka, 1999) .
Relationships between coral reef fish communities and natural disturbances are well documented. Natural disturbances include severe storms (Lassig 1983; Walsh 1983) , outbreaks of crown-of-thorns starfish (Sano et al. 1984b (Sano et al. , 1987 Williams 1986; Hart et al. 1996) , sea urchin die-off (Carpenter 1990; Robertson 1991) , El Nino episodes (Wellington and Victor 1985) , and acute hypoxia by entrapment of coral spawn slicks (Halford 1997) .
Most of these studies, however, examined long-term effects on the fish community (but see Carpenter 1990; Robertson 1991) .
The objective of this study was to examine short-term effects of a severe coral bleaching episode on the benthos and the fish community. At Ishigaki Island, the fish fauna and coral cover at a permanent transect on an outer reef were monitored, one year before, a few months prior to, and one month after a severe coral bleaching episode in the summer of 1998.
MATERIALS AND METHODS

Study site
This study was carried out on the outer coral reef of Urasoko Bay at Ishigaki Island, Ryukyus Islands, Japan (Fig. 1) Every fish 2 m either side of the transect line (400 m) was identified to species and recorded.
Censusing one transect took approximately 90 minutes. All surveys were done at high tide, between 1000 and 1400 h. Fish in the transect were censused four times within each study period.
Also, the coral was surveyed once in October 1997, July 1998 and October 1998. Coral cover was quantified using the Line Intercept Transect technique (Loya 1972; English et al. 1994) . The intercept length of live corals was recorded to the nearest centimeter, (by K.H) using SCUBA. Corals were identified to genus, and coral skeletons covered by algae were defined as dead coral.
Identification of fishes followed Nakabo (1993). All species of fish were classified to one of four trophic categories, herbivores, omnivores, carnivores and coral-polyp feeders, using available published data (Hiatt and Strasburg 1960; Randall 1961; Jones 1968; Hobson 1974; Reese 1975; Goeden 1978; Gushima 1981; Sano et al. 1984ab; Sano et al. 1987; Parrish 1987; Bellwood and Choat 1990; Randall et al. 1990; Woodland 1990; Gushima et al. 1991; Allen 1991; Shibuno et al. 1997; St John 1999) .
Data analysis
When species of fish (e.g. acanthurids, siganids and pomacentrids) formed large, roving schools, they were excluded from the analysis.
Fish species diversity was calculated using the Shannon-Wiener index (H') which uses logarithmic base 2. Species diversity and abundance of fish were analyzed with one-way ANOVAs, and Scheffe's multiple contrasts were used to compare pairs of means among survey times, when this factor was significant. Fish abundance in each trophic category were logo (x+1) transformed and analyzed with a one factor multivariate analysis of variance (MANOVA) using Wilks' Lambda. If the result of MANOVA was significant in a trophic category, one-way ANOVA and Scheffe's multiple contrasts were applied. For coral cover analysis, the 100m line was sub-divided into four (25m) lines to calculate percentage cover of live and dead coral.
Prior to every analysis, the variances were tested for homogeneity using Cochran's test (p > 0.05) for ANOVA and an additional test, recommended by Johnson and Field (1993), for MANOVA.
RESULTS
Coral community
In 1998 coral bleaching was first observed in early September on the outer reef at Ishigaki Island, and most of the living coral had died by late September (Hashimoto pers. ob.). The percentage cover was reduced from about 40% in July to 2.6% in October 1998 (Table 1) . Acroporid corals were particularly susceptible to bleaching.
In October 1998 the percentage cover of acroporids had decreased to 0.6%, and all colonies of branching Acropora on the transect line were dead. In comparison, damage to the faviid corals, which consist of massive colonies such as Favia, Favites and Platygyra, was minor (Table 1) . In October 1998, one month after the extensive mortality of corals, a large proportion of dead corals were covered with filamentous algae (Shibuno pers. ob.).
Fish community
In total, 110 species of fish in 19 families were recorded in the line-transect ( Table 2 ). The fish community was dominated by herbivores which represented 34 species in six families. The smallest trophic category was coral-polyp Table 3 ). However, species diversity of fish (H') differed significantly among the surveys. Diversity was significantly lower in October 1998 after the coral bleaching.
There was no significant difference between species diversity of the fish populations in October 1997 and April-May 1998 before the coral bleaching occurred ( Scheffe's test, Table 3 ).
Changes in the number of individuals per transect in each trophic category were evident (Fig. 2) . The number of individuals per transect in each trophic category differed significantly between three surveys (One-way MANOVA, Table 4 ) due to changes in numbers of herbivores and coral-polyp feeders (Oneway ANOVA, Table 5 ). The number of individual omnivores and carnivores did not dif Table   3 . Mean number of individuals, species per transect (100 m), and Shannon-Wiener species diversity index of fish by species observed in October 1997, April-May 1998 and October 1998 at Urasoko Bay, Ishigaki Island. Values are mean ± SD (n=4). f er significantly among the surveys (One-way ANOVA, Table 5 ). In contrast, the number of individual herbivores and coral-polyp feeders varied significantly among the surveys, however, the temporal patterns of abundance varied between these two trophic categories (Table 5 ). Whereas the number of herbivores increased significantly in October 1998 after the coral bleaching, coral-polyp feeders decreased during this period.
Both trophic groups, however, did not differ significantly between October 1997 and April-May 1998 before the coral bleaching. DISCUSSION Natural disturbances on coral reefs have been found to have a wide variety of effects on the structure of fish communities (Lassig 1983; Walsh 1983; Sano et al. 1984b Sano et al. , 1987 Wellington and Victor 1985; Williams 1986; Carpenter 1990; Robertson 1991; Hart et al. 1996; Half ord 1997) . Most of these studies, however, examined long-term effects on these fish communities and studies on immediate changes after natural disturbances are rare. The fish community on the outer reef of Ishigaki Island did not change noticeably between October 1997 and April-May 1998 before the coral bleaching occurred.
The coral bleaching did not change the fish community drastically, as both number of individuals and species per transect did not vary. Species diversity of fish measured by the ShannonWiener index decreased.
But the index was greatly affected by the changes in the abundance of a few species of acanthurid fish.
Differences in the number of individuals per transect before and after the coral bleaching occurred when fish species were grouped by trophic category.
One month after coral bleaching, the coral-polyp feeders decreased in response to the reduction in live coral.
In other disturbances that increased mortality of corals, i.e. crown-of-thorns outbreaks, studies also reported that coral-polyp feeders markedly decreased in numbers after coral death, apparently due to a reduction in available food (Sano et al. 1984b (Sano et al. , 1987 BouchonNavaro et al. 1985; Williams 1986) .
At Ishigaki Island, the number of herbivores, particularly two species of acanthurids, increased after the coral bleaching.
Likewise, in the Caribbean, Carpenter (1990) reported that the number of individual herbivores increased on the shallower outer reef soon after a significant sea urchin die-off, which resulted in increased algal food resources.
The coral mortality caused by bleaching did not occur equally around Urasoko Bay, as the degree of coral damage by bleaching was different among coral species (Fujioka 1999) . Acroporid corals, which were dominant at the study site, were highly susceptible to bleaching. Furthermore, the biomass of algae on the shallow reef were higher than adjacent habitats (see Robertson 1991) . In general, the two species of acanthurid fishes that increased markedly on the outer reef study area are highly mobile and widely distributed in both the lagoon and outer reef (Hiatt and Strasburg 1960; Fishelson et al. 1987; Shibuno and Abe pers. ob.) . Thus, increases in the number of individual herbivores one month after the coral bleaching appear to be the result of the relocation of two acanthurid fishes from adjacent habitats into the outer reef. Possibly these acanthurid fishes are attracted to the increase in algal biomass on the outer reef caused by the coral bleaching.
Relocation by fish species is considered to be an important factor in organizing reef-fish communities (Robertson  1988) . Short-term changes in fish community structure appears to be related to benthic food resources.
As suggested by Carpenter (1990) , the temporal patterns of abundances observed in among herbivorous species of fishes on the outer reef at Ishigaki Island may be the result of different responses to temporal changes in algal resources.
Most long-term studies on fish communities following natural disturbances, show no relationships between the biomass of algae and herbivorous fish community abundance (e.g., acanthurids, scarids and pomacentrids) (Wellington and Victor 1985; Williams 1986; Sano et al. 1987; Hart et al. 1996) . Wellington and Victor (1985) concluded that recruitment rates, rather than resource supply, most likely control the structure of coral reef fish communities.
Thus a longer-term study on the changes in both substrata and fish communities, including fish recruitment, across the reef will be required to clarify the long-term effects of the coral bleaching on the fish community. 
